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Photoluminescence in CdTe grown on GaAs by meta~organic chemica~ 
vapor deposition 
c. H. Wang, K. Y. Cheng, and S. J. Yanga) 
Electrical Engineering Department, Chung Cheng Institute a/Technology, Ta HSI; 
Taiwan (335), Republic a/China 
(Received 10 January 1985; accepted for publication 25 February 1985) 
Epitaxial layers of CdTe grown on (100) GaAs substrates by metalorganic chemical vapor 
deposition at temperatures between 320 and 410 °C were investigated by photoluminescent 
measurements at 14 K. The sharp bound exciton-related peak at 1.594 e V, the band-edge emission 
located near 1.557 eV, and the weak defect-related extrinsic band at 1.476 eV, with their well-
resolved longitudinal optical phonon replicas were the observed major photoluminescence peaks. 
The variations of these peak intensities are a strong function of the epilayer growth temperatures. 
The intensity ratio of the defect-related emission peak to the bound exciton peak decreases to less 
than 1/10 as the growth temperature is adjusted within 360 and 390°C. For the CdTe epitaxial 
layer grown at 375°C, the peak related to defects is completely eliminated. 
In recent years, CdTe and Hg, Cd l _, Te epitaxial lay-
ers grown by metalorganic chemical vapor deposition 
(MOCVD) have been studied extensively. However, the 
CdTe substrate material contains high defect density and 
needs further improvements. Therefore, heterogeneous epi-
taxial growth of CdTe on various high crystal quality sub-
strates, such as InSb and GaAs, has been conducted to ele-
vate the crystal quality of grown CdTe layers. I- 7 High 
quality CdTe epitaxial layers can be grown on GaAs sub-
strates, in spite of the large lattice mismatch between them. 
Various techniques, including x-ray diffraction, reflection 
high-energy electron diffraction, capacitance-voltage mea-
surement, and Hall measurement, had been used to examine 
these heteroepitaxial CdTe layers 1-4 but rarely on their opti-
cal characters. In this letter the low-temperature (14 K) pho-
toluminescent (PL) measurement results of CdTe epitaxial 
layers grown on (100) GaAs substrates by MOCVD are re-
ported. The PL spectra of CdTe layers deposited at different 
temperatures were investigated, and the variations of emis-
0) Permanent address: Chung Shan Institute of Science and Technology, 
Lun Tan. Taiwan 13251 Republic of China. 
sions at different energies were used to characterize the qual-
ity of CdTe epitaxial! layers. 
The CdTe epitaxial layers were grown in a conventional 
horizontal rfheated MOCVD system operated under atmo-
spheric conditions. Equal amounts of dimethylteHuride and 
dimethylcadmium were used as source materials. The 
growth temperatures varied between 320 and 410 °C, and the 
average epitaxial layer thickness was 411m. The grown CdTe 
layers were characterized with an optical microscope, scan-
ning electron microscope (SEM), electron probe microanaly-
sis (EPMA), and Hall measurements. These results will be 
reported elsewhere. s The low-temperature PL measure-
ments were performed at 14 K by mounting the sample on 
the cold finger of a cryostage. The PL measurement system 
includes a 2-W Ar ion laser, a 0.5-m monochromator with a 
resolution of 2 A, and a Si photodetector. The 4880-A laser 
emission line was used, and the output power ofthe laser was 
adjusted to 40 m W for all measurements. 
Figure I shows the spectra of CdTe epilayers grown at 
320, 360, 365, 375, 390, and 410°C. The peak intensity at 
1.590eV of each spectrum was normalized to the same value, 
and the adjacent spectra were displaced 200 A. in the wave-
962 Appl. Phys. Lett 46 (10),15 May 1985 0003-6951/85/100962-03$0100 © 1985 American Institute of Physics 962 
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FIG. I. PL spectra at 14 K in undoped CdTe epilayers grown on GaAs 
substrates at various temperatures of (a) 410 'C, (b) 390 'C, (e) 375 'C, (d) 
365 'C, (e) 360 'C, and (t) 320 ·C. 
length scale to avoid overlapping and thus clarify their varia-
tions. Each spectrum consists of two major peaks, one minor 
peak, and their :longitudinal optical (LO) phonon replicas. 
On the high-energy side, depending on the growth tempera-
ture, a strong exciton-related emission peak appears at 1.594 
or 1.597 eV. For layers grown between 350 and 390 'C, a 
peak located at 1.594 eV is identified as neutral acceptor 
bound exciton emission. 3 For epitaxial layers grown at other 
temperatures, the peak is shifted to 1.597 eV and is consid-
ered to be due to excitons bound to neutral donors. R Hall 
measurements performed at 77 K indicate that layers grown 
at temperatures between 350 and 390 DC show p-type con-
ductivity, and those grown at other temperatures show n-
type conductivity.s This result supports the above assign-
ments. 
In the so-called band-edge emission region,9 the 1.557-
eV peak followed by a series of LO phonon replicas is ob-
served. This peak appears in every spectrum ofCdTe epitax-
ial layers, presumably due to the residual impurities 
contained in alkyl sources or from the growth system. At the 
low-energy side, a broad emission peak. located at 1.476 eV 
with associated LO phonon peaks was observed. The intensi-
ty of this peak depends strongly on the growth temperature. 
It shows pronounced intensity only in layers grown at tem-
peratures below 360 DC or above 400 DC. This peak is asso-
ciated with Cd vacancies or defect-related extrinsic emis-
sion.9 For the layer deposited at 375 DC, this peak totally 
disappears. 
Since the strong exciton peak intensity is associated 
with a highly ordered crystal, it can be used as a monitor of 
the quality of the epitaxial layer. The exciton emission inten-
sities of layers grown at temperatures between 320 and 
410 DC are shown in Fig. 2. Epitaxial CdTe layers grown 
between 360 and 390 DC show extremely high PL intensities 
963 Appl. Phys. Lett., Vol. 46, No.1 0, 15 May 1985 
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FIG. 2. (a) Peak intensity and (b) FWHM of exciton emission in CdTe epi-
layers grown at different temperatures. 
and are two orders of magnitude more intense than those 
grown at other temperatures. Also shown in Fig. 2 is the full 
width at half-maximum (FWHM) variations of the exciton 
emission peaks as a function of growth temperatures. For 
layers grown in the temperature range corresponding to 
strong PL intensities, the FWHM of exciton bands tends to 
have a minimum width. The layer grown at 365 DC exhibits a 
minimum value of6.14 meV. This is the narrowest FWHM 
observed in CdTe epitaxial layers grown on InSb, CdTe, and 
GaAs substrates by the MOCVD technique. (, 
The PL intensity ratio ofthe exciton-related emission to 
the deep extrinsic band is shown in Fig. 3 as an index of the 
crystal quality. The layers that exhibit the higher ratio again 
were prepared between 360 and 390 DC. These indicate that 
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FIG. 3. PL intensity ratios of the exciton emission to 1.476-eV defect band 
at 14 K for CdTe prepared on GaAs substrate at different temperatures. 
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high quality epitaxial CdTe layers can be grown on (100) 
GaAs substrate in this temperature range. 
In conclusion, the PL in MOCVD grown CdTe epi-
layers on (100) GaAs substrates possesses a sharp exciton 
emission near 1.594 eV, a band-edge emission at 1.557 eV, 
and a defect-related peak at 1.476 eV. By adjusting the 
growth temperature, the defect-related 1.476-eV band can 
be eliminated. The temperature interval suitable for 
MOCVD growth of high quality CdTe layers is between 360 
and 390"C. The CdTe epitaxial layer grown near 370"C ex-
hibits a high intensity of exciton emission along with the 
narrowest FWHM of6.14 meV. 
The authors wish to thank K. F. Chi of the Material 
Research Laboratory, Industrial Technology Research In-
stitute, for photoluminescence measurements. This work 
was supported by Chung Shan Institute of Science and Tech-
nology. 
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Enhancement of intensity-dependent absorption in ~nP and GaAs at 1.9 J.lm 
by doping 
Nien-Lou Li,a) Michael Bass,b) and Randall Swimm 
Center for Laser Studies, University of Southern California, Los Angeles, California 90089-1112 
(Received 18 January 1985; accepted for publication 7 March 1985) 
Dopants giving rise to deep level states in InP and GaAs were found to significantly enhance the 
process of intensity-dependent absorption at 1.9 p,m. Such dopants also beneficially alter the laser 
damage threshold of the host materials. 
The study of intensity-dependent absorption (IDA) in 
general, and two-photon absorption (TPA), in particular, 
has suffered from experimental difficulties and inadequate 
theoretical models. In 1979 the use of laser calorimetry to 
obtain directly the TPA coefficient of a medium with a high 
degree of sensitivity improved the experimental situation. I 
This technique has been used here to study the effect of deep 
level dopants on IDA in InP and GaAs. The coefficient for 
IDA is found to be strongly dependent on the presence of Fe 
in InP and Cr in GaAs. Most of the theories dealing with 
TP A in direct gap materials are based on second order time-
dependent perturbation theory in which only the intrinsic 
properties of the material are considered. The intermediate 
states in the perturbation calculation are considered to be a 
higher lying band in one treatment2.3 and the conduction 
and valence bands in another. 4 Lee and FanS extended this 
work by taking the exciton states into account with a simple 
conduction band and a degenerate valence band. All of these 
models considered the intermediate states as intrinsic prop-
erties of the materials. Many measurements ofTPA in semi-
conductors were made and many different results obtained. (, 
However, semiconductors, especially the IJJ-V compounds, 
are less than ideal materials owing to inevitable contamina-
tion during the crystal growing process. Deep level impuri· 
ties might then be expected to play an important role in the 
"Also Department of Materials Science. 
h, Also Department of Electrical Engineering Electrophysics. 
IDA process and may be the cause of the different experi-
mental results. 
The purpose of the present study was to examine the 
effect of deep level impurities on IDA processes in lnP and 
GaAs. Fe-doped InP and Cr-doped GaAs were used in com-
parisons with undoped crystals. The measurements were 
carried out by laser calorimetry as described in Ref. 1. 
A substantial departure from the assumptions used pre-
viously'·7,R is made in this paper. In the past, in the bmit of 
low absorption, it was assumed that in a plot of normalized 
absorbed power versus intensity the zero-intensity intercept 
was caused by one-photon absorption and a constant posi. 
tive s~.ope by two-photon absorption. However, the absorbed 
power is the sum of many contributions and so a more gen-
eral interpretation is required. When deep level impurity ef-
fects are considered in addition to the usual two-photon ab-
sorption background it may not be possible to separate the 
various contributions to the total absorption. As an example 
of the risks inherent in the simplified model consider that 
Grimmeiss9 has shown that under certain conditions the 
free-carrier concentration may vary a'i the square root of 
intensity. Thus, the free-carrier absorption would vary ac-
cordingly and the total absorption could not be exactly fit 
with a power series expansion in the intensity. Moreover, 
consider the possibility that under certain operating condi-
tions the free-carrier concentration may vary linearly with 
intensity. Thus, an experimentally determined linear slope 
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